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IL-4 Receptor � Is an Important Modulator of IL-4 and IL-13
Receptor Binding: Implications for the Development of
Therapeutic Targets1

Allison-Lynn Andrews,2* John W. Holloway,† Stephen T. Holgate,* and Donna E. Davies*

IL-4 is a key cytokine associated with allergy and asthma. Induction of cell signaling by IL-4 involves interaction with its cognate
receptors, a complex of IL-4R� with either the common �-chain or the IL-13R chain �1 (IL-13R�1). We found that IL-4 bound
to the extracellular domain of IL-4R� (soluble human (sh)IL-4R�) with high affinity and specificity. In contrast with the sequential
mechanism of binding and stabilization afforded by IL-4R� to the binding of IL-13 to IL-13R�1, neither common �-chain nor
IL-13R�1 contributed significantly to the stabilization of the IL-4:IL-4R� complex. Based on the different mechanisms of binding
and stabilization of the IL-4R and IL-13R complexes, we compared the effects of shIL-4R� and an IL-4 double mutein (R121D/
Y124D, IL-4R antagonist) on IL-4- and IL-13-mediated responses. Whereas IL-4R antagonist blocked responses to both cytokines,
shIL-4R� only blocked IL-4. However, shIL-4R� stabilized and augmented IL-13-mediated STAT6 activation and eotaxin pro-
duction by primary human bronchial fibroblasts at suboptimal doses of IL-13. These data demonstrate that IL-4R� plays a key
role in the binding affinity of both IL-13R and IL-4R complexes. Under certain conditions, shIL-4R� has the potential to stabilize
binding IL-13 to its receptor to augment IL-13-mediated responses. Thus, complete understanding of the binding interactions
between IL-4 and IL-13 and their cognate receptors may facilitate development of novel treatments for asthma that selectively
target these cytokines without unpredicted or detrimental side effects. The Journal of Immunology, 2006, 176: 7456–7461.

I nterleukin-4 is a key cytokine in the development of allergic
inflammation through its ability to drive the differentiation of
naive Th cells into Th2 lymphocytes, leading to the produc-

tion of effector cytokines such as IL-4, IL-5, IL-9, and IL-13, but
not IFN-� (1, 2). It is associated with the induction of the � isotype
switch and secretion of IgE by B lymphocytes (3, 4) and enhances
IgE-mediated responses by up-regulating IgE receptors on B lym-
phocytes, mast cells, and basophils (5, 6). IL-4 also induces
VCAM-1 on vascular endothelium and thus directs the migration
of T lymphocytes, monocytes, basophils, and eosinophils to the
inflammation site. In asthma, IL-4 contributes both to inflamma-
tion and to airway obstruction through the induction of mucin gene
expression and the hypersecretion of mucus (7). It also inhibits
eosinophil apoptosis and promotes eosinophilic inflammation by
inducing chemotaxis and activation through the increased expres-
sion of eotaxin (8, 9). Some of these effects may be mediated by
bronchial fibroblasts that respond to IL-4 with increased expres-
sion of eotaxin and other inflammatory cytokines (10). Thus, the
inhibition of IL-4-mediated effects may have clinical benefits in
the treatment of allergic disease.

IL-4 exerts its activities by interacting with specific type I and
type II receptors on the cell surface. The type I receptor comprises

a 140-kDa binding chain, IL-4R� and the common �-chain (�c)
3

of the IL-2R, which is shared by multiple cytokine receptors. In the
absence of �c, IL-4 can use the type II IL-4R, comprising IL-4R�
and an IL-13 binding chain, IL-13R�1 (11–17). This receptor
complex is also a functional receptor for IL-13, and this largely
explains the overlap of the biological effects of IL-4 and IL-13.
Type I receptor complexes can only be formed by IL-4 and appear
to be responsible for mediating IL-4 responses in T cells, which do
not express IL-13R�1 (18). Type II receptor complexes can be
formed by either IL-4 or IL-13, and they are activated by either
IL-4 or IL-13. We have previously described a sequential binding
sequence for this receptor complex where IL-13 first binds to IL-
13R�1 and then this complex recruits IL-4R� to form a high-
affinity binding site (19). In the case of IL-4, this sequence of
events is reversed, where IL-4 first binds to IL-4R� with high
affinity before associating with the second subunit.

Soluble IL-4Rs (sIL-4Rs) are present in biological fluids.
sIL-4R contains only the extracellular portion of IL-4R and lacks
the transmembrane and intracellular domains. It is not known
whether human sIL-4R is actively produced during an immune
response. In vitro, sIL-4R blocks B cell binding of IL-4, B cell
proliferation, and IgE and IgG1 secretion (20). In vivo, sIL-4R
inhibits IgE production by up to 85% in anti-IgD-treated mice (21)
and reduces airway inflammation, suggesting that sIL-4R may be
useful in the treatment of IgE-mediated inflammatory diseases
such as asthma. To this end, nebulized recombinant soluble human
(sh)IL-4R has been evaluated as a therapy for asthma (22, 23). One
potential disadvantage of shIL-4R as a treatment is that it does not
block the effects of IL-13, because, in asthma, the effects of aller-
gic inflammation are mediated by both IL-4 and IL-13. Further-
more, IL-13 appears to have a distinct role in the inflammatory and
remodeling process observed in the asthmatic lung.
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An alternative approach to block IL-4-mediated effects has been
the use of IL-4R antagonists (IL-4RA). An IL-4RA, a double mu-
tein of IL-4 (R121D/Y124D), has been developed by Bayer (BAY
16-9996) for s.c. application for the therapy of asthma and is cur-
rently in phase II clinical trials. Within the four helix bundle of
IL-4, tyrosine (Y124), on the D helix, forms an important contact
with the �c. When Y124 is mutated to aspartic acid (Y124D), the
resulting molecule is an IL-4RA that binds to the IL-4R with the
same affinity as the wild-type IL-4 but has only 0.5% of the ago-
nistic activity (24). Similarly, the arginine at position 121 of IL-4
interacts with IL-13R�1; thus, the double mutein R121D/Y124D is
able to antagonize the activity of IL-4 as well as that of IL-13 (25,
26).

In this report, we characterize the binding interactions that occur
during the formation of liganded IL-4R complexes using surface
plasmon resonance (SPR). These results demonstrate that IL-4R�
makes an important contribution to the overall binding affinity of
both IL-4R and IL-13R complexes. Based on the different mech-
anisms of binding and stabilization observed for the IL-4R and
IL-13R complexes, we compared the effects of shIL-4R� and IL-
4RA on IL-4- and IL-13-mediated responses and report a novel
agonist activity for shIL-4R� in IL-13-mediated responses.

Materials and Methods
Reagents

CM5 sensor chips, HBS buffer (10 mM HEPES with 0.15 M NaCl, 3.4 mM
EDTA, and 0.005% surfactant P20), amine coupling kit, and regeneration
agents were supplied by BIAcore, unless otherwise stated. IL-8 ELISA kits
were obtained from BioSource International. SDS-PAGE reagents were
obtained from Amersham Biosciences. Eotaxin ELISA kits, recombinant
shIL-13R�1.Fc, shIL-2� (�c), and shIL-4R�.Fc were obtained from R&D
Systems. rIL-13 and IL-4 were purchased from PeproTech. The IL-4RA
(IL-4 R121D Y124D, BAY 16-9996) was a gift from Bayer.

Primary human cell culture

Fibroblasts were grown from endobronchial biopsies obtained from vol-
unteers over the age of 18 years, as previously described (27). Written
informed consent was obtained from all volunteers and ethical approval
was obtained from the Joint Ethics Committee of Southampton University
and General Hospital. Biopsies were obtained from the third to fifth sub-
carinae, placed in chilled DMEM (Invitrogen Life Technologies) with 10%
FBS and finely cut using a scalpel. The pieces were then placed into 25-
cm3 flasks and incubated at 37°C/5% CO2 for 5–7 days until fibroblasts
migrated out from the tissue and proliferated. The tissue was then removed,
and fibroblasts were harvested and passaged; all studies were performed on
cells between the third and sixth passages.

Sensor chip preparation

The molecular interactions between shIL-13R�1.Fc, shIL-4R�.Fc, and
IL-4 or IL-4RA were determined by SPR measurements using a BIAcore
2000 biosensor as described in detail elsewhere (28, 29). shIL-4R�.Fc was
diluted in HBS running buffer (10 mM HEPES (pH 7.4), 150 mM NaCl,

3.4 mM EDTA, and 0.005% surfactant P20) and coupled to a CM5 sensor
chip surface using the manufacturer’s protocol.

SPR measurements

Both IL-4 and IL-4RA were diluted from stock to the desired concentration
in HBS buffer. To determine kinetic constants, sensograms were collected
at 25°C, with a flow rate of 50 �l/min and data collection rate of 1 Hz.
Sensograms were recorded and normalized to a baseline of 0 resonance
units. Equivalent concentrations of each protein were injected over an un-
treated surface to serve as blank sensograms for subtraction of bulk refrac-
tive index background. The sensor chip surface was regenerated between
runs with a 1-min injection of 10 mM HCl, at 10 �l/min. The resultant
sensograms were evaluated using the BIAevaluation 2.0 software to pro-
vide kinetic data.

Enzyme immunoassay for eotaxin-1

Fibroblasts were plated into 24-well dishes and allowed to grow to con-
fluence before being serum starved in Ultraculture (BioWhittaker) for 24 h.
The stimuli were then added in the described concentrations and culture
supernatants harvested after 24 h for analysis of eotaxin concentration by
ELISA following the manufacturer’s protocol. Cell culture supernatants
were assayed without any purification or concentration. Cell number was
determined by uptake of methylene blue (30), and cytokine release was
expressed as picograms/milliliter/106 cells.

STAT6 phosphorylation

Primary human fibroblasts were grown to confluence before being serum
starved for 24 h. Cells were treated with IL-13 (8 and 800 pM) in the
absence or presence of shIL-4R� (1 �g/ml) for 60 min. The cells were then
solubilized in boiling SDS sample buffer before being subjected to SDS-
PAGE and Western blotting with a phospho-STAT6 Ab (BD Biosciences),
as described previously (31).

Results
Kinetic analysis of IL-4 and IL-4RA

The binding kinetics of IL-4 were evaluated using a BIAcore 2000
with shIL-4R�.Fc immobilized to a CM5 sensor chip surface. The
calculated dissociation constant (KD � koff /kon) was found to be
382 � 115 pM, confirming our previous observations (32). In sim-
ilar experiments using IL-4RA, the dissociation constant (KD) for
IL-4RA was found to be 724 � 120 pM. The association rate for
the IL-4RA was significantly slower than IL-4 (2.32 � 0.74 � 106

M�1s�1) but the dissociation rate was found to be similar (1.68 �
0.97 � 10�3 s�1) (Table I). In control experiments, no binding
was observed when IL-4 or IL-4RA were replaced with IL-13.
Similarly, no direct binding of IL-4 to either IL-13R�1 or �c was
observed even at micromolar concentrations.

Formation of ternary complexes between shIL-4R�/IL-4 and �c

or IL-13R�1

We have previously shown that IL-13 first binds to IL-13R�1 be-
fore recruiting IL-4R� to form a high-affinity complex (19). There-
fore, we next used the SPR technology to evaluate the ability of �c

Table I. Association (Kon) and dissociation (Koff) rate constants of IL-4 and IL-4RA with IL-4R� or in complex with �c or shII-
13R�1a

Kon (M�1 s�1) Koff (s�1) KD

IL-4 4.37 � 0.51 � 106 1.67 � 0.86 � 10�3 382 � 115 pM
IL-4RA 2.32 � 0.74 � 106 1.68 � 0.97 � 10�3 724 � 120 pM
IL-4R�/IL-4/�c 1.00 � 0.81 � 105 0.11 �M* 1.1 �M*
IL-4R�/IL-4RA/�c ND ND ND
IlL-4R�/IL-4/IL-13R�1 ND ND ND
IL-4R�/IL-4RA/II-

13R�
ND ND ND

a Association and dissociation rates for the binding of IL-4 and IL-RA to shIL-4R� and the formation of IL-4R complexes. Constants were determined
as described in Materials and Methods. Data are mean � SD; n � 10.

* Represent approximate values due to the limits of software.
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or IL-13R�1 to stabilize the IL-4:IL-4R� interaction. Thus, shIL-
4R�.Fc was immobilized on a CM5 sensor chip before being sat-
urated with IL-4. Sequential injections of �c resulted in a concen-
tration-dependent binding to the IL-4-saturated surface. The
association rate was found to be 1.0 � 0.81 � 105 M�1s�1 while
the rapid decay of the complex was measured at 0.11 s�1. From
these data, a dissociation constant, KD, of 1.1 �M was calculated.
In the absence of IL-4 or when IL-4 was replaced with IL-4RA, no
significant binding was observed at any concentration. In similar
experiments where �c was replaced by IL-13R�1, we were unable
to determine the affinity of shIL-13R�1.Fc for the same complex
(Table I). From these data, we concluded that neither �c nor IL-
13R�1 contributed significantly to the stabilization of the IL-4/IL-
4R� complex.

To complement our evaluation of the effects of IL-4RA on IL-
4-dependent binding interactions, we also investigated the effect of
IL-4RA on the ability of IL-4R� to stabilize the IL-13:IL-13R�1
complex. In this case, shIL-13R�1.Fc and shIL-4R�.Fc were im-
mobilized on a CM5 sensor chip as previously described (19).
When increasing concentrations of IL-13 were injected over the
sensor surface, a sequential binding sequence was observed lead-
ing to the formation of a high-affinity receptor complex, confirm-
ing the ability of IL-4R� to stabilize the IL-13R complex. How-
ever, when the surface was pretreated with 200 nM IL-4RA, this
sequential mechanism was inhibited and the only binding interac-
tion observed was the low-affinity binding of IL-13 to IL-13R�1
(Fig. 1).

Comparison of the effects of IL-4RA or shIL-4R� on IL-4 and
IL-13 function

Two distinct methods of blocking IL-4 responses have been de-
veloped: sIL-4R�, which binds to IL-4 with high affinity, thus
preventing it from binding to receptor on the cell surface, and a
receptor antagonist (IL-4RA), which binds to cell-bound IL-4R�
and inhibits the formation of the signaling receptor complex. We
proceeded to evaluate the effect of both antagonists on functional
responses to IL-4 and IL-13. In particular, we wanted to determine
whether the stabilizing effect of sIL-4R� on IL-13 binding that was
observed in the SPR experiments had any functional consequences
in cells. Thus, experiments were undertaken with primary bron-
chial fibroblasts that express both IL-4R� and IL-13R�1, as well
as �c. The cells were cultured for 24 h in the presence of IL-4 or

IL-13 (800 pM), alone or in combination with IL-4RA or shIL-
4R�. Both cytokines produced a significant increase in eotaxin
release (Fig. 2), which was suppressed in the presence of IL-4RA
consistent with its ability to block recruitment of either �c or IL-
13R�1 to IL-4R�. We also examined the induction of IL-6 mRNA
in fibroblasts when treated with IL-4 or IL-13 in the presence or
absence of IL-4RA. An 8- to 10-fold induction of IL-6 mRNA was
observed when fibroblasts were treated with IL-4, which was com-
pletely abolished by the presence of IL-4RA. The fold induction of
IL-6 mRNA when cells were treated with IL-13 was more modest
(2- to 4-fold), but this was also inhibited by the presence of IL-
4RA (data not shown). When cells were treated with IL-4 in the
presence of shIL-4R�, the release of eotaxin was also significantly
reduced. However, the release of eotaxin from cells treated with a
maximally stimulating dose of IL-13 was unaffected by the pres-
ence of sIL-4R� (Fig. 3).

Given that shIL-4R� can stabilize the binding of IL-13 to IL-
13R�1, we postulated that this might augment responses to lower
doses of IL-13. Therefore, we investigated its effects on eotaxin

FIGURE 2. Inhibitory effect of IL-4RA on IL-13- and IL-4-mediated
responses. Primary human fibroblasts were grown to confluence before
being serum starved and treated with IL-4 or IL-13 (800 pM) in the absence
or presence of IL-4RA (800 pM). After 24 h, eotaxin release into the
culture supernatants was measured by ELISA. Data are from 10 individual
fibroblast donors and are expressed as median, interquartile range, and 95%
confidence intervals; statistical analysis was performed using the Wilcoxon
rank sum test.

FIGURE 1. Effect of IL-4RA on the IL-13R�1:IL-4R� complex. shIL-
13R�1 and shIL-4R� were immobilized on a CM5 sensor chip as previ-
ously described. Increasing concentrations of IL-13 (bold lines) demon-
strated binding to a high-affinity complex. Pretreatment of the surface with
200 nM IL-4RA abolished this high-affinity interaction (thin lines), reveal-
ing only a weak interaction similar to that observed for IL-13 and
IL-13R�1.

FIGURE 3. shIL-4R� inhibits IL-4- but not IL-13-mediated responses.
Primary human fibroblasts were grown to confluence before being serum
starved and treated with IL-4 or IL-13 in the absence or presence of shIL-
4R� (1 �g/ml). After 24 h, eotaxin release into the culture supernatants
was measured by ELISA. Data are from 10 individual fibroblast donors and
are expressed as median, interquartile range, and 95% confidence intervals;
statistical analysis was performed using the Wilcoxon rank sum test.
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production in response to increasing doses of IL-13 (8–800 pM).
Under these conditions, eotaxin release appeared to be affected by
the presence of shIL-4R�. This was particularly evident at subop-
timal doses (8 pM) of IL-13 where the presence of shIL-4R� pro-
duced a modest, but significant, increase in eotaxin release. At
higher doses of IL-13 (800 pM), the presence of the shIL-4R� had
a slight inhibitory effect, but this failed to reach statistical signif-
icance (Fig. 4).

To further explore the ability of shIL-4R� to augment IL-13-
mediated responses, the level of STAT6 phosphorylation was ex-
amined. As shown in Fig. 5, the presence of shIL-4R� enhanced
STAT6 phosphorylation in response to a suboptimal dose of IL-13.

Discussion
IL-4R� is known to play a key role in both IL-4 and IL-13 re-
sponses, because it forms an important functional signaling com-
ponent of both cytokine receptor complexes. In this study, we have
demonstrated that IL-4R� plays a critical role in the ligand binding
properties of both receptors but that the mechanism of formation
and stabilization of liganded IL-4R and IL-13R differs. As a con-
sequence, we have shown that this has functional implications for
agents that have been developed to antagonize these receptors. In
particular, we reveal that, whereas shIL-4R� can inhibit IL-4-in-
duced responses, the same soluble receptor is able to act as a weak
agonist through its ability to stabilize suboptimal doses of IL-13 to
augment its activity.

In this study, we used SPR to confirm that IL-4 binds to the
IL-4R� receptor chain with high affinity (19), obtaining results that
compare favorably with values obtained in whole-cell assays (350

and 250 pM, respectively) (33). A very weak affinity of KD of 1.1
�M was measured for the interaction of �c with a complex of
IL-4R�:IL-4, and we were unable to determine the affinity of IL-
13R�1 for the same complex. An explanation for the low affinity
of �c is that it needs to interact with IL-4R� only transiently to
initiate signal transduction. Although �c has no intrinsic tyrosine
kinase domain, it has been shown to be constitutively associated
with the cytoplasmic tyrosine kinase, Jak3. Thus, its low affinity
enables it to shuttle rapidly between IL-4:IL-4R� complexes, so
that its role is more that of a catalytic activator than a stoichio-
metric binding protein. This proposal is consistent with the fact
that the biological potency of IL-4 reflects the binding properties
of IL-4R� (34). That almost all of the binding affinity is generated
by the interaction between IL-4 and IL-4R� may be an important
regulatory mechanism in determining the hierarchy of IL-4- and
IL-13-mediated responses, because IL-4R� is a shared component
of both the IL-4R and IL-13R complexes.

We also used SPR to examine the inhibitory mechanism of ac-
tion of the IL-4 R121D/Y124D double mutein, IL-4RA. Its rate of
association with IL-4R� was found to be significantly lower than
that of IL-4, but the dissociation rate was the same. However, no
interaction between IL-4RA:IL-4R� and �c could be detected even
at high micromolar concentrations. This suggests that the mutant
protein is able to bind to IL-4R� but is unable to recruit the second
receptor chain, either �c or IL-13�1, and is therefore unable to
initiate a signaling receptor complex.

Previous studies have shown that mutations of IL-4, particularly
substitution of the main determinant, Y124, result in pronounced
antagonistic activity with a 100-fold reduction in Rmax during T
cell proliferation assays (35). Similarly, mutations of R121 or
S125 result in mutants that can bind to IL-4R� but are antagonists
of both IL-4 and IL-13-induced responses (36). A murine double
mutant, Q116D/Y119D, has been shown to inhibit IL-4-induced
STAT6 phosphorylation in BA/F3 cells (37). In addition to IL-4
muteins, others have investigated the inhibition of IL-4 responses
by IL-13 muteins such as IL-13E13K, a powerful IL-13 antagonist
(38). These studies showed that IL-13E13K inhibited not only
IL-13 responses but partially those of IL-4 as well. The results
indicated that Glu13 in IL-13 associated with IL-4R� and a muta-
tion to lysine decreases its binding to IL-4R�. Although IL-
13E13K prevents recruitment of IL-4R� to IL-13R�1, full inhibi-
tion of IL-4 responses could not be achieved due to the availability
of the alternative IL-4R complex, IL-4R�:�c. This contrasts with
the IL-4 double mutein (IL-4RA), which blocks the IL-4R�, thus
eliminating possibilities of both IL-4Rs signaling.

The inhibitory effect of IL-4RA toward both IL-4- and IL-13-
mediated responses contrasts with that of shIL-4R�, which was
only able to inhibit the IL-4-induced response, as predicted by its
specificity. However, based on our previous studies where IL-
13R�1 had a low affinity for IL-13 and required IL-4R� to stabi-
lize this interaction to form a high-affinity complex, we postulated
that the presence of shIL-4R� would assist in these binding inter-
actions in a cell-based system. When tested in bronchial fibro-
blasts, we observed that the presence of the shIL-4R� enhanced
IL-13-stimulated eotaxin production in response to suboptimal
doses of IL-13. Further investigation revealed that this was asso-
ciated with increased STAT6 phosphorylation. These results may
have biological significance, because this suboptimal concentra-
tion (8 pM) of IL-13 is similar to the levels of IL-13 detected in
vivo (39, 40). Furthermore, although the levels of eotaxin pro-
duced by the fibroblasts were only modest at low doses of IL-13
and sIL-4R�, these are also likely to be biologically relevant.
Thus, in previous studies by Dent et al. (41) examining the che-
motatic activity of asthmatic eosinophils in the presence of

FIGURE 4. Stabilization of suboptimal dose of IL-13 by shIL-4R�.
Confluent and serum-starved primary human fibroblasts were treated with
8 or 800 pM IL-13 in the absence or presence of shIL-4R (1 �g/ml). After
24 h, eotaxin release into the culture supernatants was measured by ELISA.
Data are from 10 individual fibroblast donors; statistical analysis was per-
formed using the Wilcoxon rank sum test.

FIGURE 5. Effect of soluble IL-4R� on STAT6 phosphorylation. Con-
fluent cultures of primary human fibroblasts were serum starved and treated
with IL-13 (8 and 800 pM) as indicated in the presence or absence of
sIL-4R� (1 �g/ml) for 60 min. Cells were then solubilized in sample buffer
before Western blotting and probing with a phospho-STAT6 Ab. Bands
were normalized for loading using a pan-STAT6 Ab (n � 3).
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eotaxin, comparable levels of eotaxin are on the rising part of the
dose-response curve. This suggests that the small but significant
increase in eotaxin may increase eosiniphilic infiltration and lead
to a prolonged inflammatory response.

The ability of a soluble receptor to act as an agonist by stabi-
lizing interactions at the cell surface has also been reported in the
IL-6R system (42). shIL-4R� has been shown to some agonistic
properties for IL-4 at low doses. However, in this case, it was
suggested that shIL-4R� acts more as a carrier protein from which
IL-4 can disassociate over time rather than any form on binding
activity at the cell surface (43). Similar observations were also
made when an anti-IL-4 Ab was used in cell-based assays (44). It
was found that binding to IL-4 was not irreversible and that the Ab
may have offered some form of protection against proteolytic
digestion.

Given that full-length IL-4R� plays an important role in trans-
ducing intracellular signals via STAT6 and IRS1/2, it is unlikely
that the shIL-4R� stabilizes the IL-13R complex to initiate a sig-
nal. Instead, we suggest that shIL-4R� functions to maintain
higher local concentrations of IL-13 bound to IL-13R�1, thereby
facilitating transfer of IL-13R�1 from the soluble receptor to the
full-length native IL-4R� (Fig. 6). This would explain why
shIL-4� is a relatively weak agonist by comparison with sIL-6R,
which transduces intracellular signals by binding to gp130. At the
higher concentration of IL-13 tested, we propose that a similar
mechanism is taking place and that there may even be residual
IL-13-bound IL-13R�1 receptors complexed with sIL-4R� as il-
lustrated in Fig. 6. However, this would not increase the overall
response because the signaling receptors are already fully satu-
rated. In support of this mechanism, in experiments using three
fibroblast cultures, we found that the presence of sIL-4R� in-
creased the binding of IL-13 at all doses tested (8–800 pM) re-
sulting in a 20 � 4% increase in Bmax. This increase in binding
would be highly dependent on IL-4R� levels, which we have
found to vary between subjects (A.-L. Andrews, unpublished
data). This may be one reason why the stabilization effect is more
evident in some subjects than others.

The concept of using a soluble receptor to block cytokine ac-
tivity could represent new therapeutic opportunities. Treatment
with soluble rIL-4R� has been reported to moderately improve
severe atopic asthma in initial placebo-controlled trial (23). These
studies showed that administration of sIL-4R� was associated with
significant differences in forced expiratory volume in 1 s, although
it did not affect serum markers such as VCAM-1 or CD23. How-
ever, a subsequent large-scale trial indicated that this reagent had
no clinical efficacy in asthma, and the development of this project
has been halted (45). Alternatively, our observations that sIL-4R�
stabilizes IL-13 binding might provide some insight into this poor
response. It is likely that, for successful inhibition of both IL-4 and
IL-13, all subunits must be blocked as in the case of the IL-4
double mutein. An alternative approach has been taken by Econo-
mides et al. (46) who created soluble receptors incorporating both
receptor components (IL-13R�1 and IL-4R�). These cytokine
“traps” have been shown to be potent blockers cytokine responses
with an exceptional high affinity for both IL-13 and IL-4.

In conclusion, IL-4R� plays a key role in the binding of IL-4
and IL-13 to their cognate receptors. In the case of IL-4, IL-4R�
contributes most of the binding affinity ensuring that IL-4 binds
rapidly before recruiting a second receptor chain. This contrasts
with its role in IL-13 binding where it is recruited by IL-13:IL-
13R�1 complex and stabilizes this interaction to form a high-af-
finity complex. Given the sequential nature of the IL-13R system,
it is not unreasonable to find that a sIL-4R could form a complex
with IL-13R�1 on the cell surface. This weak agonist activity of
shIL-4R� for IL-13 was previously unrecognized. The fact that
this stabilization effect occurs at suboptimal doses of IL-13 that are
likely to be comparable with physiological levels may provide a
partial explanation for the poor efficacy of shIL-4R� in clinical
trials (45, 47). Furthermore, IL-13 is produced for a longer period
of time than IL-4 and is particularly important for allergic diseases
such as asthma (48). Thus, complete understanding of the binding
interactions between IL-4 and IL-13 and their cognate receptors
may facilitate the development of novel treatments for asthma that
selectively target these cytokines without unpredicted or detrimen-
tal side effects.
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